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INTRODUCTION
Chronic kidney disease is a major public health problem
in the United States.1,2 This disease is prevalent among
adults and is associated with high rates of hospitaliza-
tion, morbidity, and mortality.3 The major outcomes of
chronic kidney disease are (1) progressive loss of renal
function leading to various complications and kidney 
failure, and (2) development of cardiovascular disease.1

Early detection of a progressive kidney disease may
allow prevention or delay of complications. Established
risk factors for chronic kidney disease include diabetes,
hypertension, and family history of kidney disease.1,2

It has been shown that African Americans, Hispanics,
Native Americans and individuals aged 60 years and
older are at increased risk for chronic kidney disease.1

The link between renal function and cardiovascular
disease is both troubling and intriguing. Even mild
declines in renal function appear to elevate the risk of
cardiovascular disease.4,5 Chronic kidney disease is
associated with coronary artery disease (CAD), left
ventricular hypertrophy (LVH), and congestive heart fail-
ure (CHF).6 The prevalence of cardiovascular disease is
higher in both end-stage renal disease (ESRD) patients
and renal transplant recipients than in the general popu-
lation.7 Furthermore, cardiovascular disease is the most
frequent cause of death in ESRD patients and renal
transplant recipients.6,7

In renal transplant recipients, rates of short-term graft
and patient survival following transplantation continue to
improve. Long-term outcomes, however, have improved
at a much slower pace.3 Immunosuppressive regimens,
which have clearly contributed to improved graft and
patient survival over time,8 may elevate cardiovascular
disease risk through detrimental effects on kidney func-
tion, blood pressure, and serum lipid and blood glucose
levels.2,9

Research is providing important clues to the causes of
cardiovascular morbidity and mortality in patients with
chronic kidney disease and in renal transplant recipients.
This monograph will present the findings of many of
these studies. Both traditional and nontraditional cardio-
vascular disease risk factors appear to contribute to
cardiovascular disease morbidity and mortality.10,11 In
addition, renal function within the first year after renal
transplantation is an important predictor of long-term
graft survival and a strong risk factor for cardiovascular
death.12,13

To further understand the link between kidney failure and
cardiovascular disease, the National Institute of Diabetes
and Digestive and Kidney Diseases has initiated the
Chronic Renal Insufficiency Cohort (CRIC) study, a multi-
center, national, longitudinal study of renal insufficiency
and cardiovascular disease designed to examine
patterns of comorbidity and shared risk factors. The
objective is to reduce the burden of advanced kidney
disease and cardiovascular disease by identifying and
treating those individuals at highest risk of comorbidity.14

The knowledge gained from this study and the studies
described in this monograph, augmented by ongoing
investigations, will allow development of management
strategies to reduce the cardiovascular disease burden
and improve long-term outcomes in patients with
chronic kidney disease and in those undergoing renal
transplantation. 

Incidence of Chronic Progressive
Kidney Disease and Association with
Cardiovascular Disease

The incidence of chronic progressive kidney disease in
the United States is increasing. Preventing cardiovascular
disease in patients with early kidney disease, who are
often asymptomatic, presents an enormous challenge.14

Of the approximately 8 million Americans who have
chronic kidney disease, only 300,000 are in kidney
failure.2 The remainder are at high risk for cardiovascular
disease, yet are far more difficult to identify and monitor.

The Glomerular Filtration Rate (GFR) is widely accepted
as the best overall measure of renal function.2 In patients
with chronic kidney disease, renal function decreases
over time. The GFR is calculated from equations that
take into account the serum creatinine concentration
and variables such as age, gender, race, and body size.
Data from the Third National Health and Nutrition
Examination Survey (NHANES III), a prospective study of
a large representative sample of the general population
in the United States, indicate that approximately 8 million
adults (persons aged 20 years and older) have chronic
kidney disease (Table 1).1,2,15 as defined by the National
Kidney Foundation (NKF) criteria:

Table 1

Stages and Prevalence of Chronic Kidney Disease 
(Age ≥20 yr)(National Kidney Foundation/K/DOQI/S20)

GFR Prevalence*
Stage Description (mL/min/1.73m2) N (1000s) %

1 Kidney damage ≥90 5,900 3.3
with normal or ↑ GFR

2 Kidney damage 60-89 5,300 3.0
with mild ↓ GFR 

3 Moderate ↓ GFR 30-59 7,600 4.3

4 Severe ↓ GFR 15-29 400 0.2

5 Kidney failure <15 (or dialysis) 300 0.1

*Data for Stages 1-4 from NHANES III (1988-1994)1. Population of 177 million
adults age ≥20 years. Data for Stage 5 from USRDS (1998)2 include
approximately 230,000 patients treated by dialysis, and assume 70,000
additional patients not on dialysis. GFR estimated from serum creatinine using
MDRD Study equation based on age, gender, race and calibration for serum
creatinine. For Stages 1 and 2, kidney damage estimated by spot albumin-to-
creatine ratio >17 mg/g in men or >25 mg/g in women on two measurements.

1Coresh et al. Am J Kidney Dis. 2003;41:1-13.
2Data for Stage 5 from USRDS (1998).
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•  GFR <60 mL/min/1.73 m2, which indicates a loss of
one-half or more of normal adult kidney function, for
≥3 months, with or without kidney damage, or 

•  Kidney damage for ≥3 months, as defined by
structural or functional abnormalities of the kidney,
with or without a decreased GFR, demonstrated by
pathological abnormalities or markers of kidney
damage.1,2

The NKF Kidney Disease Outcomes Quality Initiative
(K/DOQI), which provides evidence-based clinical
practice guidelines for kidney disease diagnosis and
management, has established a classification system for
chronic kidney disease.2,16 The K/DOQI guidelines
classify Stage 1 disease as kidney damage with normal
or increased GFR (≥90 mL/min/1.73 m2), mild decreases
in GFR (60-89 mL/min/1.73 m2) as Stage 2 disease, and
moderate decreases in GFR (30-59 mL/min/1.73 m2) as
Stage 3 disease. Stage 4 disease is marked by severely
decreased GFR (15-29 mL/min/1.73 m2), while stage 5
disease is kidney failure (GFR <15 mL/min/1.73 m2 or
dialysis). The prevalence of stages 1 through 4 is more
than 100 times greater than the prevalence of stage 5 
or kidney failure.1,2

Patients with chronic kidney disease are at high risk for
cardiovascular disease. In a US Renal Data System
(USRDS) study, patients without cardiovascular disease
were followed for one year to determine the rate at
which they developed cardiovascular disease.3 In the 
1-year study period patients with chronic kidney disease
(n=6463) were 1.6 times more likely to develop cardio-
vascular disease than those without chronic kidney
disease (n=533,059).

Chronic kidney disease has been associated with CAD
and LVH, which are precursors of cardiovascular disease
morbidity and mortality.6 Patients with chronic kidney
disease also have a high prevalence of CHF, an
independent predictor of death in chronic kidney
disease.6

The Link Between Kidney Disease,
Cardiovascular Disease, and Death

Although overlap between risk factors for chronic kidney
disease and risk factors for cardiovascular disease is
evident, overlap alone cannot account for the greatly
increased risk of cardiovascular morbidity and mortality
observed in patients with chronic kidney disease.11

Cardiovascular disease is actually more common in this
population than is kidney failure.1 Ongoing studies will
improve our understanding of the interrelationships
between chronic kidney disease, cardiovascular disease,
and mortality. Clinical trials are also attempting to identify
modifiable cardiovascular disease risk factors in patients
with chronic kidney disease.

The Heart Outcomes and Prevention Evaluation (HOPE)
study, a double-blind, randomized, multinational trial,

included 9297 men and women aged 55 and older with
vascular disease or diabetes combined with one other
cardiovascular risk factor.17 Patients with serum creati-
nine >2.3 mg/dL or proteinuria were excluded from the
study. As shown in Table 2, the rates of cardiovascular
mortality, overall mortality, and hospitalization for CHF
among patients with kidney failure (serum creatinine
≥1.4 mg/dL) were nearly twice those of patients without
kidney failure. Cardiovascular disease risk was positively
correlated with higher serum creatinine levels. These
results suggest that mild renal insufficiency is a risk
factor for future cardiovascular events in patients with
other risk factors for cardiovascular disease. Of further
note, the risk for cardiovascular disease in patients with
mild renal insufficiency was independent of other known
risk factors, such as diabetes, hypertension, and
microalbuminuria.17

In the Hypertension Detection and Follow-up Program
(HDFP), a cohort of 10,940 persons with hypertension
was studied for a period of 5 years.18 In this cohort,
serum creatinine levels ≥1.7 mg/dL at baseline were
associated with a 2.2-fold higher adjusted odds of death
at 8 years in patients aged 30 to 69 years.18 The risk of
death increased linearly with rising serum creatinine
levels; furthermore, cardiovascular disease was the most
frequent cause of death in patients with elevated serum
creatinine levels.

The baseline level of serum creatinine also was an
important and significant risk factor for 8-year mortality.18

The risk in the group with the highest serum creatinine
level was 5 times that of the group with the lowest
serum creatinine level. Mean serum creatinine levels
were also higher for men than for women and higher for
African Americans than for Caucasians. In summary,
serum creatinine level was found in this study to be a
significant, independent predictor of mortality in a hyper-
tensive population.18

Table 2

The HOPE Trial: Renal Insufficiency and
Cardiovascular Outcomes

CRI (%) No CRI (%)
Outcome (n=980) (n=8307) P

Acute MI 16.3 10.5 <.001

Stroke 5.0 4.0 <.07

CVD death 11.4 6.6 <.001

All death 17.8 10.6 <.001

Hospitalized CHF 6.0 2.9 <.007

Revascularization 19.6 16.9 .08

CRI indicates chronic renal insufficiency; MI, myocardial infarction; 
CVD, cardiovascular disease; CHF, congestive heart failure.
Adapted with permission from Mann JFE, Gerstein HC, Pogue J, 
Bosch J, Yusuf S, for the HOPE Investigators. Ann Intern Med. 2001;
134:629-636.
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The Hypertension Optimal Treatment (HOT) study
followed 18,790 patients with hypertension for an aver-
age period of 3.8 years.19 In this population, baseline
serum creatinine levels >1.5 mg/dL were associated
with increased risk of all major cardiovascular events,
cardiovascular mortality, and total mortality (Table 3).19

In the Framingham Heart Study, the probability for
hypertension treatment in a large general population
sample (n=6233) increased by 75% in men and by 42%
in women when serum creatinine levels were elevated
(≥1.5 mg/dL for men and ≥1.4 mg/dL for women).20

Mortality rates were higher compared to those with
normal kidney function in both men (P=.003) and
women with kidney failure, although the association was
not statistically significant in women after age adjust-
ment.21

Associations Between Mild-to-Moderate
Renal Dysfunction, Cardiovascular
Disease, and Cardiovascular Risk

Several studies have found that milder degrees of renal
dysfunction are associated with cardiovascular morbidity
and mortality. The identification of these relationships
opens the door for applying measures of renal function
(eg, serum creatinine) to predict cardiovascular disease.
This practice may be particularly useful for developing
preventive assessment and intervention strategies for
persons with early kidney disease, in whom clinical
manifestations may not yet be evident.

The association between renal function and survival
after myocardial infarction (MI) was investigated in
130,099 elderly patients (aged 65 years and older)
enrolled in the Cooperative Cardiovascular Project.22 As
shown in Figure 1, patients with normal renal function
had a 1-year survival rate of 76%, compared with 54%
in patients with mild renal insufficiency and 34% in
patients with moderate renal insufficiency (P<.001). A
substantially elevated risk of death was observed in the
first month of follow-up after MI for individuals with mild
and moderate renal dysfunction; this risk remained
elevated during the first 6 months post-MI and was
independent of other cardiovascular disease risk
factors.22

An increase in 1-year mortality was associated with
decreasing renal function in 5327 patients undergoing
percutaneous coronary intervention at the Mayo Clinic.23

The association was important even in patients with mild
renal insufficiency (creatinine clearance ≥70 mL/min),
with a doubling of mortality at 1 year.23 The increased
mortality risk rose proportionately with the severity of
renal insufficiency and was independent of other cardio-
vascular risk factors. The relative risk of death during
follow-up was highest for patients on dialysis, followed
by patients with moderate renal dysfunction.23

In the Cardiovascular Health Study, a longitudinal
population-based study of 5808 subjects aged >65
years, elevated serum creatinine levels were predictive

Table 3

Cardiovascular Events and Mortality According to 
Baseline Serum Creatinine in the Hypertension Optimal 
Treatment (HOT) Study

Event/
1000 Adjusted

No. of Patient Relative
Events Events Years Risk 95% CI P

Major cardiovascular events

Creatinine ≤ 1.5 mg/dL 626 9.2

Creatinine > 1.5 mg/dL 45 27.0 2.05 1.47-2.88 <.001

All Myocardial infarction

Creatinine ≤ 1.5 mg/dL 197 2.9

Creatinine > 1.5 mg/dL 8 4.7 1.44 0.70-2.93 .32

All Stroke

Creatinine ≤ 1.5 mg/dL 273 4.0

Creatinine > 1.5 mg/dL 16 9.5 1.58 0.88-2.84 .13

Cardiovascular mortality

Creatinine ≤ 1.5 mg/dL 241 3.5

Creatinine > 1.5 mg/dL 28 16.4 3.24 2.13-4.94 <.001

Total mortality

Creatinine ≤ 1.5 mg/dL 532 7.8

Creatinine >1.5 mg/dL 50 29.3 2.86 2.10-3.89 <.001

P values, between risk ratios, and confidence intervals.  CI, confidence intervals.
Reprinted with permission from Ruilope. J Am Soc Nephrol. 2001;12:218-225.

Figure 1

Unadjusted 1-Year Survival for 130,099 Patients 
After Myocardial Infarction by Initial Serum 
Creatinine Levels (mg/dL)

Reprinted with permission from Shlipak MG, Heidenreich PA, Noguchi H, Chertow
GM, Browner WS, McClellan MB. Ann Intern Med. 2002;137:555-562.
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of cardiovascular disease events and mortality.5 An
elevated baseline serum creatinine level (≥1.5 mg/dL 
for men and ≥1.3 mg/dL for women) was observed in
11.2% of the study population. Elevated creatinine was
associated with a high prevalence of cardiovascular
disease risk factors and a significantly increased risk for
all-cause mortality, cardiovascular mortality, and
cardiovascular morbidity, even after adjustment for
cardiovascular disease risk factors and existing diseases
(Figure 2).5 The increased risks for mortality, cardio-
vascular disease, and CHF increased linearly with rising
creatinine levels and were apparent with early kidney
disease.

The relationship between mild to moderate renal
insufficiency and the risk for coronary heart disease
events was evaluated in the Heart and Estrogen/
progestin Replacement Study (HERS) of postmenopausal
women with established coronary artery disease.4 The
participants in the HERS trial were postmenopausal
women with established coronary artery disease. Higher
serum levels of triglycerides and lipoprotein(a) were
measured in 2579 women with mild (serum creatinine
level 1.2-1.4 mg/dL) and moderate (serum creatinine
level >1.4 mg/dL) renal insufficiency compared to 182
women with normal renal function (serum creatinine 
≤1.2 mg/dL) [Table 4].4 After adjusting for multiple
variables, both mild and moderate renal insufficiency
were shown to be independently associated with an
increased risk for cardiovascular events (including death
from coronary heart disease, nonfatal MI, and hospital-
ization for unstable angina, stroke, and transient
ischemic attacks).

Many traditional cardiovascular risk factors, including
advanced age, hypertension, hyperlipidemia, diabetes,
and physical inactivity, are more prevalent in patients 
with chronic kidney disease and likely contribute to
cardiovascular disease.6 Hemodynamic and metabolic
changes that accompany chronic kidney disease, such
as proteinuria, increased extracellular fluid volume, and

electrolyte imbalance, also may increase cardiovascular
disease risk. Recent studies suggest that nontraditional
risk factors may play a role as well (Table 5).10,11 While
these factors appear to be associated with chronic
kidney disease, additional studies are needed to deter-
mine if they are a cause or a result of kidney failure, and
if and how they influence the progression of kidney
disease or development of cardiovascular disease in
patients with chronic kidney disease.

Nontraditional Risk Factors

Several studies have demonstrated an association
between inflammation and reduced kidney function22,23

or atherosclerosis.22 In nondiabetic subjects, C reactive
protein (CRP), a marker for systemic inflammation,
correlated with traditional cardiovascular and renal risk
factors, including age, gender, blood pressure, serum
cholesterol, plasma glucose, diminished filtration, and
creatinine clearance.22 In another study, CRP levels in
102 patients who were predialysis were elevated.24-26

Insulin resistance and hyperinsulinemia present early in
the course of kidney disease.27,28 A link between insulin
resistance, cardiovascular disease risk, and cardiovascu-
lar disease mortality has been shown in patients with the
metabolic syndrome. Serum uric acid levels are associ-
ated with both kidney disease and cardiovascular
disease, although a causal role has not been estab-
lished.29,30 Hyperparathyroidism is linked to cardiovascu-
lar disease and renal dysfunction.31 Patients with moder-
ate kidney failure have elevated parathyroid hormone
levels and reduced levels of vitamin D.32,33

Obesity is a major cause of hypertension and increases
the risk for kidney disease.34 Elevations of the peptide
leptin are observed in obese individuals and have been

4

Figure 2

Age-Adjusted Survival of Subjects in the Cardiovascular
Health Study By Serum Creatinine Level (mg/dL)

Reprinted with permission from Fried LF, Shlipak MG, Crump C, et al. J Am Coll
Cardiol. 2003;41:1364-1372.
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Table 4

Hypertension and Estrogen/Progestin
Replacement Study: Characteristics of
Participants By Serum Creatinine Level 
at Baseline

Decreased GFR and Plasma Lipids

Serum Cr (mg/dL)

Baseline and 1.2 1.2-1.4 1.4
Outcome (n=2012) (n=567) (n=182) P

Hypertension (%) 55 66 77 <.001

LDL (mg/dL) 145±38 145±36 147±43 .72

HDL (mg/dL) 51±13 49±13 49±14 .12

Trig (mg/dL) 160±61 168±64 182±67 .002

Lp(a) (mg/dL) 33±32 35±33 38±36 .05

Cr, creatinine; Trig, triglyceride.
Adapted with permission from Shlipak MG, Simon JA, Grady D, Lin F,
Wenger NK, Furberg CD for the Heart and Estrogen/progestin
Replacement Study (HERS) Investigators. J Am Coll Cardiol.
2001;38:705-711.
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linked to sympathetic nervous system activation.34,35

Hyperleptinemia has also been associated with elevated
cardiovascular disease risk.33 Other research suggests
that leptin may contribute to cardiovascular disease risk
through an effect on lipid metabolism.34 Research
suggests that the hypertension induced by excess
weight gain may be caused by activation of the sympa-
thetic nervous system.36

Data from NHANES III documented links between
several nontraditional cardiovascular disease risk factors
and chronic kidney disease.10 In this large, general
population sample, lower GFR was associated with
decreased levels of apolipoprotein A1, and increased
levels of apolipoprotein B, plasma fibrinogen, homocys-
teine, and CRP.

IMPLICATIONS FOR MANAGEMENT OF
RENAL TRANSPLANT RECIPIENTS

Impact of the Modality of Renal
Replacement Therapy on 
Cardiovascular Disease 

Correlations between kidney failure and cardiovascular
risk factors have important implications for the manage-
ment of renal transplant recipients. Renal transplant
recipients typically have GFRs below normal as a result
of previous rejections, the occurrence of chronic allograft
nephropathy, donor-related factors, or issues related to
the graft.37,38 These patients may also have a high inci-
dence of cardiovascular disease.7

The life expectancy for patients with ESRD is substan-
tially lower than that of the general population, regard-
less of treatment approach.3 According to the USRDS,
expected remaining lifetimes for patients on dialysis are
one-third to one-sixth of those in the general population.
Renal transplantation provides a clear survival benefit as
expected lifetimes for transplant recipients are 2 to 3
times higher than those of patients still on dialysis.3

Wolfe et al and colleagues have reported an increase in
survival for renal transplant recipients compared with
ESRD patients on transplant waiting lists. This study

analyzed USRDS data on 228,552 patients aged 0 to 
69 years, who were on dialysis with newly diagnosed
ESRD. Of these, 46,164 were on the transplant waiting
list for the first time. Among the patients on the waiting
list, 23,275 received a first cadaveric renal transplant by
the end of the 5-year study period. An analysis of
survival data revealed that the estimated long-term
mortality risk for transplant recipients was 68% lower
than that of patients on the transplant waiting list
(P<.001), based on 3 to 4 years of follow-up.39 In addi-
tion, projected years of remaining life for patients who
remained on waiting lists and for renal transplant recipi-
ents were 10 years and 20 years, respectively.

Despite the more favorable survival of transplant recipi-
ents versus patients who are on dialysis, their expected
remaining lifetimes are still considerably shorter than
those of the general US population. In renal transplant
recipients, cardiovascular mortality is the most frequent
cause of death, followed by infection and malignancy
(Figure 3).7,9 In patients with ESRD or a kidney trans-
plant, 40% of deaths are due to cardiovascular
disease.16 The annual cardiovascular disease mortality
rate is 0.54% in renal transplant recipients, compared to
0.28% in the general population and approximately
9.0% in patients on dialysis.7

An analysis of survival data for 86,502 adult recipients of
renal transplants between 1988 and 1997 revealed that
38.0% (n=7040) died with a functioning graft.40 Death
with functioning graft was defined as death not
preceded by return to dialysis or transplant nephrec-
tomy, no graft failure date or cause of graft failure
reported, or serum creatinine at the last follow-up 
<4.0 mg/dL. Deaths with a functioning graft accounted
for 42.5% of all graft loss and the predominant cause of
death in this group was cardiovascular disease (36.1%;
n=2538).40 Almost one half of the deaths with a function-
ing graft occurring within 30 days after transplantation
were due to cardiovascular disease, primarily MI. The
risk of death with a functioning graft was considerably

Table 5

Risk Factors for Cardiac Disease in CKD

Traditional Nontraditional

Hypertension ↑ C-reactive protein

Diabetes ↑ Advanced glycation end products

Age Hyperhomocysteinemia

Smoking Hyperparathyroidism

↑ LDL cholesterol ↑ Serum uric acid

↓ HDL cholesterol ↑ Plasma leptin

Figure 3

Mortality in Renal Transplant Recipients

USRDS database, 2001.
Foley et al. J Am Soc Nephrol. 1998;9:S16-S23.
Foley et al. Am J Kidney Dis. 1998;32:S112-S119.
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N=47,581



lower for patients undergoing renal transplantation after
1990.40 Posttransplant patient survival was 97%, 91%,
and 86% at 1, 5, and 10 years, respectively. Survival
improved each year after 1988. Although the rate of
graft survival has increased in recent years, early atten-
tion to and vigilant management of cardiovascular
disease risk factors may further improve longevity in
renal transplant recipients.

Link Between Renal Function and
Cardiovascular Mortality in Renal
Transplant Recipients

Cardiovascular mortality in the transplant population has
been linked to reduced renal function. Such a link would
help to explain the clear survival advantage of renal
transplantation over dialysis in terms of cardiovascular-
related mortality. Renal function following renal trans-
plantation has been shown to predict long-term graft
survival.12 In an analysis of survival data for 105,742
patients receiving renal transplants between 1988 and
1998, renal function in the first year following transplant-
ation emerged as the strongest predictor of long-term
graft survival.12 The patients with elevated serum creati-
nine at 1 year (≥1.5 mg/dL) were more likely to be
African American, male, and recipients of a previous
transplant.12 These findings suggest that serum creati-
nine at 1 year might be a useful endpoint for primary
comparative trials evaluating posttransplant management
alternatives.

Meier-Kriesche et al reviewed the USRDS data for 58,900
adult renal transplant recipients who had undergone
their first transplants between 1988 and 1998 to assess
the impact of renal function on posttransplant cardiovas-
cular mortality.13 These patients had functioning grafts at
1 year posttransplantation and serum creatinine levels
≤4 mg/dL. 

The most frequent cause of death was cardiovascular
disease (Table 6).13 After using Cox proportional-hazard
models to correct for variables, associations between
certain pretransplant cardiovascular risk factors—hyper-
tension and diabetes—and an increased risk of cardio-
vascular death were noted (Table 7).13 The time a patient
spent on dialysis correlated positively to cardiovascular
death, an association that was independent of hyperten-
sion or diabetes. Relative risk of cardiovascular death
was also associated with the year in which the trans-
plantation was performed. In recent years, cardio-
vascular death following renal transplantation has been
declining, although at a similar rate to that observed in
patients on dialysis and in the general population.

In this study, serum creatinine levels at 1 year posttrans-
plantation correlated positively to risk of cardiovascular
death (Figure 4).13 More specifically, when serum creati-
nine levels were separated by 0.1-mg/dL increments
and correlated with relative risk, a serum creatinine of
1.7 to 1.8 mg/dL was associated with a 40% independ-
ent risk for cardiovascular death. Cardiovascular events

were not included. These data suggest that as renal
function declines, the risk for cardiovascular morbidity
and mortality slowly rises. Not surprisingly, when cardio-
vascular death after graft loss was included in the analy-
sis, the association between reduced renal function and
increased cardiovascular death was stronger.13

Another factor for the clinician to consider is that some
of the pharmacologic agents utilized to treat renal trans-
plant recipients may also adversely affect renal function.
Angiotensin-converting enzyme (ACE) inhibitors and
angiotensin-2 receptor blockers can cause acute
declines in GFR.2 The calcineurin inhibitors cyclosporine
and tacrolimus have long been associated with nephro-
toxicity.41 Renal function, therefore, is frequently moni-
tored during administration of maintenance immunosup-
pressive regimens that include calcineurin inhibitors, and
appropriate dose modification or even drug withdrawal
may be considered in patients with significantly elevated
serum creatinine levels. One study of calcineurin inhibitor
and steroid dose reduction indicated that these alterna-
tives may offer benefits to both preserve long-term renal
function and reduce mortality.42 A study of 121 renal
transplant recipients; 62 receiving the sirolimus (Srl)
based regimen; 59 receiving mycophenolate mofetil
(MMF), and all patients receiving cyclosporin (CsA) and
prednisone; treated with sirolimus in conjunction with
reduced doses of calcineurin inhibitors and steroids, for
example, was effective and provided excellent renal
function and minimal morbidity. Among the patients who
received Srl, hematopoeitic abnormalities and hyperlipi-
demia were observed, but readily controlled, and renal
function was not adversely affected.

Renal function 1 year following renal transplantation
directly correlates with long-term graft survival and
cardiovascular mortality. A cardiovascular benefit is
recognized with the improvement of renal function that is
achieved through transplantation. These findings
suggest the need to refine the approach to transplant
recipient care and to emphasize measurement and
optimization of graft function along with prevention of
rejection.
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Table 6

Cause of Death in Primary Renal 
Transplant Recipients Beyond 1 Year 
of Transplantation

Cause of Death N %

All 5,963

Cardiovascular 1,797 30.1

Infectious 698 11.7

Malignancy 603 10.1

Other 2,865 48.1

Reprinted with permission from Meier-Kriesche H-U, Baliga R, 
Kaplan B. Transplantation. 2003;75:1291-1295.



Role of Allograft Biopsy in Diagnosis 
of Rejection and Disease in the
Transplanted Kidney

A variety of factors and conditions can increase cardio-
vascular disease risk in the posttransplant period. As
discussed previously, a poorly functioning graft may be
associated with anemia, hypertension, hyperlipidemia,
hyperhomocysteinemia, diabetes mellitus, or glucose
intolerance, all of which may contribute to cardiovascular
disease risk.43

Clinical examinations and laboratory tests are important
tools for monitoring patients following renal transplanta-
tion. Pathology, however, remains the gold standard for
diagnosis of rejection and assessment of other disease
conditions in the transplanted kidney. The Banff Classifi-
cation is a schema that was developed to standardize
interpretation of renal allograft biopsies.44 This classifica-
tion schema, first published in 1993, is refined every 
2 years at consensus conferences. It has been validated
in clinical studies and is widely used internationally
today.

Standardization of renal allograft biopsy interpretation is
necessary to guide therapy and can establish an objec-
tive endpoint for clinical trials.44 According to the Banff
`97 Classification schema, kidney rejection is based on 
2 main lesions: arteritis and tubulitis. These lesions are
scored on a scale of 0 to 3+. Other lesions are scored to
determine borderline changes, calcineurin-inhibitor–

related toxicity, chronic allograft nephropathy, and other
pathologic changes. Renal allograft biopsy can also help
to diagnose subclinical rejection; this condition, which
may occur in up to 35% of normally functioning grafts, is
accompanied by moderate to severe tubulitis.45 Without
appropriate treatment, subclinical rejection can increase
renal dysfunction and may lead to graft loss. The poten-
tial for detection of subclinical rejection through renal
allograft biopsy raises important questions: When should
biopsies be performed, and how should subclinical
rejection be treated? The Banff Classification schema
also establishes criteria for specimen adequacy,
sampling, and staining.

Although rejection-related changes are the focus of the
Banff `97 schema, it also helps to diagnose non-rejec-
tion–related conditions that may be amenable to ther-
apy. Furthermore, the Banff schema can help to differen-
tiate acute rejection from disease processes that cause
inflammatory changes in the transplanted organ.44

Finally, toxic effects of calcineurin inhibitors may also be
detected via renal allograft biopsy.

Factors Contributing to 
Cardiovascular Disease in 
the Renal Transplant Recipient

A number of studies suggest that traditional and nontra-
ditional risk factors, in both the pretransplant and post-
transplant periods, likely contribute to cardiovascular
morbidity and mortality in renal transplant recipients.
Cardiovascular risk in this population may be influenced
by anemia and LVH, hypertension, posttransplant
diabetes mellitus (PTDM), and dyslipidemia.43,46-48 More
recently identified, nontraditional cardiovascular disease
risk factors, such as CRP, homocysteine, advanced
glycation end products (AGEs), and thymocyte (T)-cell
mediated immunodeficiency, may also be important.49-51

Extracellular fluid volume overload, electrolyte imbal-
ance, and oxidative stress may play a role as well.11

Immunosuppressants may contribute to cardiovascular

7

Figure 4

Cardiovascular Death By Serum Creatinine Level at 
1 Year Posttransplantation (mg/dL)

Reprinted with permission from Meier-Kriesche H-U, Baliga R, Kaplan B.
Transplantation. 2003;75:1291-1295.
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Table 7

Cox Model for Cardiovascular Death 
After Transplantation

Variable RR Cl P

Recipient Age (yr) 1.053 1.049-1.058 <.001

African American Recipient 0.88 0.77-0.99 .048

Cause of ESRD (GN) (1)
Hypertension 1.61 1.36-1.92 <.001
Diabetes 3.78 3.26-4.38 <.001

ESRD Time (preemptive) (1)
<6 months 1.28 1.04-1.57 .018
6-12 months 1.30 1.07-1.57 .009
12-24 months 1.37 1.14-1.64 .001
>24 months 1.51 1.26-1.81 <.001

Living Donation 0.86 0.74-0.98 .028

Transplant year (yr) 0.95 0.92-0.98 <.001

Cr at one year (≥1.2) (1)
1.3-1.4 1.03 0.89-1.20 .686
1.5-1.6 1.19 1.02-1.39 .025
1.7-1.8 1.37 1.16-1.62 <.001
1.9-2.1 1.49 1.25-1.76 <.001
2.2-2.5 1.67 1.38-3.03 <.001
2.6-4.0 2.26 1.85-2.75 <.001

Cr, creatinine
Reprinted with permission from Meier-Kriesche H-U, Baliga R, Kaplan
B. Transplantation.2003;75:1291-1295.
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disease risk through detrimental effects on renal func-
tion, hemoglobin levels, elevated blood pressure, serum
lipids, and blood glucose levels (Table 8).9,52,53

Kiberd et al estimated the future risk of fatal and nonfatal
cardiovascular disease events in a renal transplant
population if “optimal” measures were applied to correct
existing modifiable cardiovascular disease risk factors
(eg, hyperlipidemia, hypertension).53 The study popula-
tion consisted of 439 kidney transplant recipients with a
functioning graft for >6 months. Patient information
about cardiovascular disease history, cardiovascular
disease risk factors, and current medication use was
collected through retrospective chart review. A statistical
model, which employed cardiovascular mortality risk
equations based on the Framingham study risk calcula-
tor, was applied. The results demonstrated that, despite
optimal treatment with lipid-lowering and antihyperten-
sive therapies, the overall risk of fatal and nonfatal
cardiovascular disease events within 10 years in male
study participants was much higher in renal transplant
recipients than in the general population. However, opti-
mal treatment was associated with a lower mortality risk
of cardiovascular events compared with the mortality
risk for “current” patients (those whose treatments were
unchanged).54 These data suggest that renal transplan-
tation confers an increased risk of cardiovascular events
that persists despite correction or reduction of traditional
risk factors.

Anemia and left ventricular hypertrophy

Anemia (hemoglobin levels ≤13 g/dL for men and ≤12
g/dL for women) occurs in up to 30% of renal transplant
recipients and increases significantly in incidence with
time after transplantation.53,55 The etiology of post-
transplant anemia is multifactorial but most closely
related to graft dysfunction.53 Persisting anemia may be
a risk factor for cardiovascular disease morbidity and
mortality following renal transplantation.37 Anemia also
can contribute to LVH,47 which has been shown to be a
significant predictor of CHF and death in the renal trans-
plant population.47

Vanrenterghem and colleagues investigated the preva-
lence and management of anemia in renal transplant
recipients by surveying data for 4263 patients at 72
transplant centers in Europe.53 At enrollment, 38.6% of
the patients were anemic (as previously defined), yet
only 17.8% of those with the most severe anemia (8.5%)
were receiving erythropoietin treatment. Lower hemoglo-
bin levels were associated strongly with reduced renal
function. Of 904 patients with serum creatinine levels
>2.0 mg/dL, 60.1% were anemic compared with 29% of
patients with serum creatinine levels ≤2 mg/dL (P<.01).

The use of ACE inhibitors and angiotensin II receptor
antagonists was associated with a higher likelihood of
anemia.53 (Patients who were being treated with these
agents for posttransplant erythrocytosis were excluded.)
The patients received a variety of immunosuppressants,
alone or in various combinations. Immunosuppressive
protocols that included mycophenolate mofetil or
azathioprine were associated with lower mean hemoglo-
bin levels (13.1±1.9 g/dL) than regimens without these
agents (13.4±2.0 g/dL; P<.01).53 The lowest mean
hemoglobin levels were found in patients who received
mycophenolate mofetil in combination with steroids
(12.6±1.6 g/dL). 

A recent report by Mix et al noted an evolution of anemia
in 241 kidney transplant recipients over a 60-month
period at a single institution.38 Anemia was prevalent in
the early posttransplant period. More specifically, at least
70% of recipients had some degree of anemia in the first
6 months following transplantation.38 Blood loss during
surgery and multiple phlebotomies can contribute to
anemia early in the posttransplant period. The propor-
tion of patients with anemia declined at about the 
6-month mark, and then rose again, reaching a
frequency of approximately 30%.38 A higher GFR at 3
and 6 months was consistently associated with a lower
likelihood of anemia at 6 and 12 months (Figure 5).

Left ventricular hypertrophy may predict subsequent
CHF and death in renal transplant recipients. Rigatto et
al monitored LVH in 473 renal transplant recipients free
of heart disease 1 year after transplantation.47 Left
ventricular hypertrophy in the first year following trans-
plantation was found to be an independent risk factor
for subsequent CHF and for death.47 Persistent or de
novo LVH was a strong independent risk factor for death
after 5 years (Table 9).47 Blood pressure and anemia

Table 8

Side Effect Profiles of Immunosuppressive Drugs 

CsA Tac Srl Ster MMF

Hypertension ++ + ∅ ++ ∅

Hyperglycemia + ++ ∅ +++ ∅

Renal insufficiency ++ ++ ∅ ∅ ∅

Hyperlipidemia ++ + +++ ++ ∅

Hyperkalemia +++ +++ ∅ ∅ ∅

Tremor ∅ + ∅ ∅ ∅

Hirsutism + ∅ ∅ ∅ ∅

Gingival hyperplasia + ∅ ∅ ∅ ∅

Hypophosphatemia ++ ++ + ∅ ∅

Osteoporosis ± ± ∅ +++ ∅

Malignancy + + ? ∅ +

CsA, cyclosporin; Tac, tacrolimus; Srl, Sirolimus; Ster, Steroids;
MMF, mycophenolate mofetil.

Adapted from Dr Martin Zand, University of Rochester.
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emerged as risk factors for left ventricular growth.47

These data suggest that during the posttransplant
period, hypertension and anemia promote LVH, predis-
posing the patient to CHF and death.

Levin et al provided further support for the relationship
between anemia and LVH, in a study which revealed a
high prevalence of LVH in 446 patients who were not
transplant recipients. These patients (from a general
population) with mild to moderate impairment of renal
function were followed over a 12-month period at 8
centers.56 The prevalence of LVH was 34% at study
entry and 38% at 12 months. Left ventricular hypertro-
phy correlated with declining renal function and rose to
38% at 12 months. Left ventricular mass index (LVMI)
increased by >20% of baseline values from baseline to
12 months in 25% of the study population. Increased
systolic blood pressure and, to an even greater degree,
anemia, are associated with LVH. A greater decrease in
hemoglobin was observed in patients receiving ACE
inhibitor therapy compared with those not receiving ACE
inhibitors, despite similar baseline hemoglobin levels in
the 2 groups.56

In a study of patients with type 1 diabetes, anemia
during the 6-month period following kidney or pancreas-
kidney transplantation was associated with a signifi-
cantly increased risk for cardiovascular events in 
404 patients.46 Cardiovascular events included MI,
death, or hospitalization for angina or CHF. 

A benefit of anemia correction in patients with chronic
renal failure has been demonstrated. Correction of
anemia significantly improved heart and renal function in
126 patients with chronic renal failure or both chronic
renal failure and CHF in a prospective study by Silver-
berg et al.57 The patients were treated with subcuta-
neous erythropoietin and intravenous (IV) iron adjusted
to achieve and maintain target hemoglobin levels of 
12.5 g/dL. After treatment, patients showed statistically
significant improvements in the New York Heart Associa-
tion class and ejection fraction, and significantly fewer
hospitalizations for CHF (P value at least <.05 for each
parameter).

Another prospective study evaluated the impact of
normalizing the hematocrit on LVH in 9 predialysis
patients with chronic kidney disease and a hematocrit at
baseline of <25%.58 Patients were treated with erythro-
poietin and supplemental IV iron, if necessary, to achieve
a target hematocrit value of 40%. Normalization of the
hematocrit (40.4% in men; 37.6% in women) was asso-
ciated with a significant regression of LVMI.58

The studies described have demonstrated an associa-
tion between renal function and anemia, and a negative
effect of anemia on long-term outcome following renal
transplantation. Improved kidney function in the renal
transplant recipient may be associated with more effec-
tive erythropoiesis.38 Although benefits of correcting
anemia in chronic renal failure have been clinically
proven, the investigation, evaluation, and treatment of
anemia in renal transplant recipients appears to be

suboptimal.38 Some pharmacologic agents administered
in the posttransplant period may also contribute to
anemia, making it important to monitor hemoglobin
levels during maintenance immunosuppressive and anti-
hypertensive therapy. These findings underscore the
need to identify and treat anemia more aggressively in
patients with chronic kidney disease and in renal trans-
plant recipients. 

Hypertension

Hypertension is a well-known and well-established
cardiovascular disease risk factor. It is common in renal
transplant recipients and may be an important predictor
of late graft loss.9 Opelz et al reported the findings of the
Collaborative Transplant Study investigating the relation-
ship between blood pressure and long-term graft and

Table 9

Risk Factors for Death After 5 Years in 284 Renal
Transplant Recipients Who Survived at Least 5 Years
(Final Cox model included left ventricular hypertrophy, age, and diabetes
[model P<.0000001])

Variable Relative Risk (95% CI) P

LVH in fifth year 2.15 (1.14, 4.01) .02

Age (per decade) 1.72 (1.42, 2.09) <.001

Diabetes 3.55 (2.11, 6.00) <.001

Hemoglobin (per 10 g/L decrease) NS NS

Diastolic BP (per 10 mmHg) NS NS

Albumin NS NS

Rejection in first year NS NS

Cadaveric donor NS NS

Smoking NS NS

NS, not significant

Reprinted with permission from Rigatto C, Foley R, Jeffery J, Negrijn C, Tribula C,
Parfrey P. J Am Soc Nephrol. 2003;14:462-468.

Figure 5

Hematocrit Levels at Different Stages of Chronic 
Kidney Disease

Reprinted with permission from Mix TCH, Kazmi W, Khan S, et al. 
Am J Transplant. 2003;3:1426-1433.
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patient survival in 29,751 renal transplant recipients from
262 international transplant centers.59 Increased systolic
and diastolic blood pressures 1 year after transplantation
were associated with an increased risk of graft failure
during the following 6 years (Figure 6).59 In another study,
a correlation between poorly controlled systemic hyper-
tension in the early posttransplant period and poor graft
survival was reported in African American kidney trans-
plant recipients.60

Blood pressure control before and after transplantation
is warranted, as part of best medical practice, as this
measure may reduce cardiovascular disease risk as well
as long-term graft loss. In addition, the choice of
immunosuppressive regimen is also important, since
commonly administered agents, including corticosteroids,
cyclosporine, and tacrolimus have been associated with
increases in the prevalence and severity of hypertension.9

Posttransplant diabetes mellitus 

Posttransplant diabetes mellitus (PTDM), or new onset
diabetes mellitus, is a prevalent posttransplant complica-
tion, particularly in the first 6 months posttransplanta-
tion, and is associated with elevated risks for cardiovas-
cular disease, graft failure, and death.3,43 The incidence
of PTDM has increased in recent years.61 Cosio et al
analyzed data from 2078 previously nondiabetic patients
who received renal transplants between 1982 and 1999
and found a 1.9 times higher incidence of PTDM in
patients transplanted since 1995.

The increased incidence in PTDM appears to be multi-
factorial, including an increase in the age and body
weight of renal transplant recipients, and a role of
immunosuppressive regimens.61 Among those regimens,
corticosteroids and the calcineurin inhibitors, cyclo-
sporine and tacrolimus, are associated with an
increased risk of PTDM.3,9,61 The risk of PTDM appears

to be higher with tacrolimus than with cyclosporine. A
study comparing cyclosporine and tacrolimus found that
African American renal transplant recipients treated with
tacrolimus had a higher risk of PTDM than Caucasian
patients.62 The TOR inhibitor sirolimus does not appear
to be associated with PTDM.9

An analysis of USRDS data for 11,659 Medicare benefi-
ciaries receiving first kidney transplants from 1996
through 2000 showed a cumulative incidence of PTDM
of 9.1%, 16%, and 24% at 3, 12, and 36 months post-
transplantation, respectively.63 Obesity was identified as
an important risk factor for PTDM, along with age, race,
ethnicity, hepatitis C infection, male gender, increasing
HLA mismatches, and maintenance immunosuppressive
regimen.63 The risk of PTDM in this study was 53%
higher in patients treated with tacrolimus compared with
patients initially treated with mycophenolate mofetil and
azathioprine.64 In this study, however, use of tacrolimus
was associated with improved graft survival. Posttrans-
plant diabetes mellitus was associated with higher rates
of graft failure and mortality. Twenty-eight percent of the
923 deaths were the result of cardiovascular disease.

A retrospective chart review of 939 patients who
received renal transplants between 1984 and 1999
showed that 5.1% developed PTDM.65 Patient survival
was adversely affected by both pre-existing diabetes
and by PTDM.66 Patients with a family history of
diabetes, abnormal glucose tolerance, obesity, and
certain subpopulations, including African Americans,
males, and older persons (aged >45 years), are at
increased risk for PTDM.3,61,63,66 The risk for PTDM
should be assessed prior to transplantation and this
information will help with the selection of the initial
immunosuppressive regimen. Immunosuppressive regi-
mens for patients at high risk for PTDM should be identi-
fied, and appropriate treatment measures should be
instituted early in the posttransplant period to minimize
the consequences of PTDM. 

Hyperlipidemia

Hyperlipidemia is also a known risk factor for the devel-
opment of cardiovascular disease in any population.
Elevations of total serum cholesterol, low density lipopro-
tein (LDL) cholesterol, and triglycerides occur frequently
among renal transplant recipients.48 Interestingly, levels
of high-density lipoprotein cholesterol are typically
normal.48

Multiple causes of hyperlipidemia in renal transplant
recipients have been proposed, including graft dysfunc-
tion and a high prevalence of diabetes, older age, hyper-
tension, and increased body mass index.9 Immunosup-
pressive agents may also contribute to dyslipidemias
following renal transplantation. Corticosteroids,
cyclosporine, tacrolimus, and sirolimus have all been
associated with dyslipidemias to different degrees. The
effect of sirolimus appears to be greater than that of
cyclosporine and tacrolimus; however,9 in most cases,
lipid level elevations associated with sirolimus are treat-
able and/or reversible.9

10

Figure 6

Association of Hypertension at 1 Year With Decreased 
Graft Survival

SBP, systolic blood pressure.
Reprinted with permission from Opelz G, Wujciak T, Ritz E, for the Collaborative
Transplant Study. Kidney Int. 1998;53:217-222.

100

90

80

70

60

50

0
0 2 4 6531 7

140-149
150-159
160-169
170-179

≥180

130-139
120-129
<120

6,670
4,443
2,925
1,217

1,242

5,961
4,488
2,805

SBP No. pts

Time Posttransplantation
(years)

Gr
af

ts
 S

ur
vi

vi
ng

 (%
)



Epidemiologic studies have identified lipoprotein(a) as a
possible independent risk factor for atherosclerosis.67

A study reported by Sechi et al measured serum 
lipoprotein(a) levels in 257 patients with normal renal
function (creatinine clearance ≥90 mL/min/1.73 m2) and
in 160 patients with mild to moderate renal dysfunction
(creatinine clearance 30-89 mL/min/1.73 m2).67 Age and
prevalence of hypertension were significantly higher in
the group of patients with kidney failure (Table 10). The
patients with mild to moderate renal dysfunction had
significantly higher serum lipoprotein(a) levels than those
with normal renal function (P<.001) [Table 11]. Serum
lipoprotein(a) was directly associated with the severity of
renal function impairment. A discriminant analysis
revealed that age, blood pressure, and serum lipopro-
tein(a) were independently associated with early renal
failure.

A randomized study compared tacrolimus to
cyclosporine in 53 renal transplant recipients with hyper-
lipidemia and stable graft function (transplant age, 
38-42 mo).68 Conversion from maintenance cyclosporine
based immunosuppressive specimen to tacrolimus 
was associated with significant decreases in total
cholesterol (P=.0031), LDL cholesterol (P=.0014), and
apolipoprotein B (P=.034) by the first month after
conversion.68 No changes in renal function or glycemic
control were observed, however, in patients treated 
with tacrolimus.68

Homocysteine and advanced glycation 
end-products

Homocysteine and advanced glycosylation end-products
(AGEs), now recognized as nontraditional cardiovascular
disease risk factors, may play a role in cardiovascular
disease development in the renal transplant popula-
tion.49,69 An independent association between serum
homocysteine levels and cardiovascular events was
demonstrated in 207 stable renal transplant recipients
(transplant duration >6 months) who were followed for
14 to 26 months.50 One or more cardiovascular events
(cerebrovascular disease, coronary disease, or periph-
eral vascular disease) occurred in 14.5% of patients, and
four patients (1.9%) died of cardiovascular causes
during follow-up.50 Serum homocysteine levels were
significantly higher in patients experiencing cardiovascu-
lar events versus those without a cardiovascular event
(33 mmol/L vs 19 mmol/L, respectively; P<.001). The
relative risk for future cardiovascular events increased
6% per mmol/L increase in serum homocysteine levels.

Plasma concentrations of pentosidine, a pentose-
derived AGE, were measured in 3 groups of patients
with ESRD: patients with diabetes undergoing kidney-
pancreas transplantation (n=38), patients with diabetes
undergoing kidney transplantation (n=44), and patients
without diabetes undergoing kidney transplantation
(n=46).49 Prior to transplantation, plasma pentosidine
was 20 to 35 times higher in the 3 study groups than in
normal volunteers. Following transplantation, plasma

pentosidine levels were reduced significantly in all
groups within 3 months of transplantation but remained
significantly above the normal level in normal subjects
more than 2 years following transplantation. A correla-
tion between plasma pentosidine levels and serum crea-
tinine concentrations suggested that persistent eleva-
tions of AGEs were related to impaired renal function
after transplantation.

Additional research is needed to increase our under-
standing of the role of AGEs, homocysteine, and other
nontraditional risk factors in the development of cardio-
vascular disease in patients with chronic kidney disease.
The findings will help to determine if interventions
directed to modify the impact of these nontraditional
cardiovascular disease risk factors may be warranted.
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Table 10

Decreased Glomerular Filtration Rate 
and Plasma Lipids

Creatinine Clearance (mL/min/1.73 m2)

≥90 30-89
Patient Characteristic (n=257) (n=160)  

Age (y) 51±13 59±13*

Ccl (mL/min/1.73 m2) 118±24 67±18*

Hypertension (%) 72.4 86.9*

Urine albumin (mg/d) 21±28 55±153

Uric acid (mmol/L) 363±48 464±42*

*P<.001
Adapted with permission from Sechi LA, Zingaro L, De Carli S, et al. 
Ann Intern Med. 1998;129:457-461.

Table 11

Decreased Glomerular Filtration Rate 
and Plasma Lipids

Creatinine Clearance (mL/min/1.73 m2)

≥90 30-89
Lipid Parameter (n=257) (n=160)  

Cholesterol (mmol/L) 5.28±1.11 5.44±1.12

HDL (mmol/L) 1.31±0.39 1.38±0.38

LDL (mmol/L) 3.33±1.02 3.44±0.89

Triglycerides (mmol/L) 1.44±0.90 1.55±0.88

Lipoprotein(a) (mg/dL) 14.4±16.7 23.0±24.5*

*P<.001.
Adapted with permission from Sechi LA, Zingaro L, De Carli S, et al. 
Ann Intern Med. 1998;129:457-461.
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CONCLUSIONS
Graft and patient survival following renal transplantation
continue to improve.8 Since 1995, 1-year graft survival
has improved steadily.3 Progress has been attributed to
improvements in immunosuppressive regimens, surgical
techniques, and posttransplant care.70 The rate of late
graft failure, however, as measured by the half-lives of
grafts that survive at least 1 year, has changed very little
since 1995.3 Known predictors of late graft loss include
recipient age, donor age, recipient race, pretransplant
dialysis requirements, diabetes, delayed graft function,
and HLA-mismatch.12 Renal function in the first year
after transplantation is an important predictor of long-
term graft survival.12 Renal function at 1 year following
transplantation also appears to be independently associ-
ated with the incidence and risk of cardiovascular death.13

Renal function in the first year following transplantation
has improved in recent years.12 This improvement may
be due to better diagnosis and management of acute
rejection and subacute clinical rejection, and reduced
incidences of death with a functioning graft and HLA
mismatching. Better control of hypertension and dyslipi-
demia and increased awareness and reduction of
calcineurin-inhibitor related nephrotoxicity may also be
factors.12

Renal dysfunction is associated with traditional cardio-
vascular disease risk factors, such as hypertension and
dyslipidemias, as well as substances more recently
linked to cardiovascular disease, such as homocysteine.
Although additional research is needed to clarify these
findings and their implications, the observations made to
date suggest the need to emphasize measurement and
preservation of renal function to the same degree that
prevention of rejection in post-renal transplantation care
is emphasized. These findings also raise the possibility
of using the serum creatinine level as a surrogate
endpoint for clinical trials evaluating and comparing
posttransplant immunosuppression and management
protocols.12

The high prevalence of cardiovascular disease in renal
transplant recipients is likely attributable to both
pretransplant and posttransplant risk factors. Clinicians
need to identify pretransplant cardiovascular risk factors
and actively apply interventions to modify those risk
factors accordingly. Prior to transplantation, correction of
hypertension, intensive treatment of diabetes mellitus,
smoking cessation, weight reduction, and correction of
anemia, may help to reduce cardiovascular risk post-
transplantation.43 Following transplantation, detection
and appropriate treatment of hypertension, recognition
and correction of anemia, identification and manage-
ment of hyperlipidemia and diabetes, avoidance of
smoking, and the addition of regular physical activity
may also reduce cardiovascular disease. The benefits of
measures directed to modify nontraditional cardiovascu-
lar disease risk factors has not yet been demonstrated.

Adverse effects of immunosuppressive agents may raise
cardiovascular disease risk as well; careful selection of

immunosuppressive regimens and monitoring during
therapy may help to optimize the cardiovascular disease
risk profile. Initial immunosuppressive regimens should
be selected with consideration of pre-existing cardiovas-
cular disease risk. If monitoring during treatment reveals
hyperlipidemia, PTDM, hypertension, or other cardiovas-
cular disease risk-factor elevation that may be drug
induced, dosage reduction, drug withdrawal, or therapy
substitution should be considered. Investigations of the
contribution of various agents and combinations to
cardiovascular disease risk and outcome are continuing.
These findings will help to guide clinicians in the selec-
tion of individualized regimens that provide the optimal
balance of efficacy and safety both in the short-term and
long-term phases of posttransplant care. 

The impact of newer immunosuppressive agents on
long-term outcomes following withdrawal of
cyclosporine and tacrolimus is yet to be seen in a large
patient population.70 Early experience with newer
agents, such as mycophenolate mofetil and sirolimus, is
promising. These agents may offer immunosuppressive
efficacy with lower toxicity, potentially improving long-
term outcomes. In the past, immunosuppression was
primarily directed to reduce acute rejection in the first 
6 months to 1 year after transplantation. Today, renal
transplant recipients are appreciating increased life
expectancy. Immunosuppression and other posttrans-
plant care strategies must focus on the issues that
threaten graft and patient survival beyond the first year.
Toxicities associated with ongoing administration of
steroids and calcineurin inhibitors can be minimized.
Following a cardiovascular disease risk assessment,
regimens can be chosen that minimize the potential for
common complications, such as hypertension, anemia,
PTDM, and hyperlipidemia. When adverse effects of
therapy are identified, aggressive, appropriate treatment
measures can be implemented. 

In the future, we can also expect an improved ability to
diagnose signs of rejection in the posttransplant period.
Investigations of the associations between morphologic
findings and acute and chronic rejection and clinical
outcome are continuing. New knowledge will lead to
continued refinements of the Banff Classification schema
and improved differential diagnostic capabilities. We can
expect the emphasis in biopsy assessment to eventually
shift from diagnosis to prediction of late graft function
and outcome, which will facilitate earlier intervention.44 In
addition, new noninvasive molecular biology alternatives
to biopsy are anticipated, tools that may further improve
our ability to accurately diagnose rejection and other
conditions early in the posttransplant period and to inter-
vene accordingly.

The combination of improved diagnostic capabilities and
refined immunosuppression and patient care strategies
may decrease cardiovascular disease morbidity and
mortality and improve long-term outcomes in renal
transplant recipients. Knowledge gained in the process
may also help to identify opportunities for intervention
that may reduce the burden of cardiovascular disease in
patients with earlier stages of renal disease.
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1. According to the National Kidney Foundation K/DOQI Practice Guidelines
for chronic kidney disease, what glomerular filtration rate (GFR)
corresponds to loss of >50% of the adult level of normal kidney function?
a. <90 mL/min/1.73 m2

b. <60 mL/min/1.73 m2

c. <50 mL/min/1.73 m2

d. <30 mL/min/1.73 m2

2. The more frequent cause of death in renal transplant recipients is:
a. Cardiovascular disease
b. Infection
c. Cancer
d. Graft failure

3. Traditional cardiovascular risk factors, including hypertension,
hyperlipidemia, diabetes, and older age, are more prevalent in patients
with chronic kidney disease than in the general population. (True or False)
a. True
b. False

4. C-reactive protein is a marker for:
a. Inflammation
b. Infection
c. Nephrotoxicity
d. Immunodeficiency

5. In the United States, the expected remaining lifetimes for dialysis patients
are ___________ that of the general population.
a. 1/8-1/4
b. 1/3-1/6
c. 1/2
d. 2/3

6. The annual cardiovascular disease mortality rate for renal transplant
recipients is ________.
a. 1.0%
b. 0.5%
c. 0.3%
d. 0.2%

7. Renal function in the first year following renal transplantation was shown
to be a strong predictor of:
a. Long-term graft survival
b. Long-term patient survival
c. Short-term graft survival
d. Short-term patient survival

8. An analysis of USRDS data for 58,900 adult renal transplant recipients
revealed a correlation between the time a patient spent on dialysis and:
a. Cardiovascular death
b. Hypertension
c. Anemia
d. Acute rejection

9. Which of the following are calcineurin inhibitors?
a. Sirolimus
b. Tacrolimus
c. Mycophenolate mofetil 
d. Azathioprine

10. In the Banff `97 Classification schema, a diagnosis of graft rejection is
based mainly on 2 lesions: _________ and ___________.
a. Interstitial inflammation and glomerulitis
b. Glomerulitis and tubulitis
c. Tubulitis and interstitial inflammation
d. Arteritis and tubulitis

11. Anemia is a late complication of kidney transplantation in _____ of
patients. 
a. 5%
b. 10%
c. 30%
d. 50%

12. Studies reveal associations between anemia in renal transplant patients
and the administration of:
a. Beta-blockers
b. Calcium channel inhibitors
c. Angiotensin-converting enzyme inhibitors
d. Diuretics

13. Left ventricular hypertrophy in the first year following renal transplantation
was predictive of _____________ and death.
a. Coronary artery disease
b. Myocardial infarction
c. Rejection
d. Congestive heart failure

14. Which of the following medications is associated with an increased risk of
posttransplant diabetes mellitus (PTDM)?
a. Cyclosporine
b. Tacrolimus
c. Corticosteroids
d. All of the above
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